Thiobacillus thiooxidans oxidizes elemental sulphur more rapidly in a shaken than in static liquid medium. Various wetting agents either had little favourable effect or inhibited growth in static media at 100 p.p.m. In shaken media, some wetting agents were toxic, but ' TergitolO8 ' and 'Tween 80 ' increased sulphur oxidation. ' Carbowaxes ' and propylene glycol had relatively little effect on sulphur oxidation.
Oxidation of sulphur and growth of the strictly autotrophic chemosynthetic sulphur bacterium Thiobacillus thiooxidans are more rapid in early stages of development than later. This is due in part to inhibitory effects of the acid produced by oxidation of the sulphur (Starkey, 1925) ' but more to settling of the sulphur in the culture fluid. Most rapid oxidation in stationary media occurs when the sulphur is floating on the surface of the medium.,The sulphur settles out as oxidation proceeds.
Since oxygen and carbon dioxide are required for growth and sulphur oxidation, development might depend on the amounts of these gases in the medium. Starkey (1925) noted that oxidation by growing cultures in static medium was greater when the air pressure was increased, but Vogler & Umbreit (1941) found that at PO, values from 10 to 30 % and pC0, values from 0.01 to 10 yo had little effect on oxidation. With resting cells, a PO, value below that in air decreased oxidation of elemental sulphur somewhat and resulted in a greater decrease in oxidation of thiosulphate; oxidation was more rapid at increased PO, values (Vogler, LePage, & Umbreit, 1942) .
The amount of sulphur surface in contact with the medium affects sulphur oxidation. The finer the particle size (Frederick & Starkey, 1948; Starkey, 1925; Vogler & Umbreit, 1941) , the greater the concentration of sulphur (Frederick & Starkey, 1948; Waksman & Starkey, 1923) , or the greater the amount of surface of liquid medium in contact with a unit of sulphur (Vogler & Umbreit, 1941) , the more rapid is the oxidation of sulphur.
This report gives the results of some studies on the effects of agitation and wetting agents on sulphur oxidation by Thiobacillus thiooxihns.
METHODS
A mineral salts medium (Starkey, 1925) ' Wetsit Conc' an alkylated aromatic sulphonate, an anionic substance from the Jacques Wolf and (30.
RESULTS

Influence of shaking
The results of one of six experiments on the effects of shaking on oxidation of sulphur are shown in Fig. 1 . Sulphur was oxidized more rapidly in shaken media and the effect of shaking was greater the longer the incubation period. Similar results were obtained in all cases, but they varied quantitatively in that the finer the sulphur particles were the more rapid was the oxidation. Rotary shaking resulted in more rapid oxidation than reciprocal shaking, for in the latter case the sulphur accumulated in the necks of the flasks above the surface of the medium. In the stationary flasks practically all of the sulphur was suspended on the surface of the medium initially. This sulphur settled as the culture grew until, after 2 weeks, most of the unoxidized sulphur had settled. Oxidation of submerged sulphur is exceedingly slow in stationary media.
Influence of wetting agents
In most cases the wetting agents caused the sulphur to settle to the bottom of the flasks. This occurred with ' Tween 80 ', ' Nacconol ', triethylanolamine lauryl sulphate (TLS), and 'Wetsit'. With 'Alconox' most of the sulphur settled. With 'TergitolO8' most remained on the surface. The wetting agents had no effect on the pH values at the concentrations used. In static media there was no growth in the presence of 100 p.p.m. of 'Nacconol', 'TLS', or ' Wetsit ' and very little growth in the presence of 'Alconox ' or ' Tween 80 ' (Table 1) . The culture developed normally in the medium with 'Tergitol 08'.
In shaken media the rate of oxidation of sulphur was increased by ' Tergitol 08 ' and ' Tween 80 ', and to some extent by 'Alconox '. The increase sometimes exceeded 100 yo with ' TergitolO8 ' and 'Tween 80 '. ' TergitolO8 ' had no effect at lop.p.m., but increased the oxidation rate at concentrations of 25-1000 p.p.m. (Fig. 2) 
Effects of certain glycols
Brenner & Owades (1954) reported that ' Carbowaxes ' (polyethylene glycols) and' propylene glycol dissolved sulphur and produced stable colloidal solutions of sulphur when poured into water. Because these materials might increase the solution of sulphur in the culture medium, the effects of ' Carbowax-200 ', ' Carbowax-600 ', and propylene glycol on sulphur oxidation were tested. They were mixed with sulphur, heated a t 110-120" for 15 min. to dissolve the sulphur, and then added in appropriate amounts to sterile culture media containing the usual amounts of elemental sulphur. The media were inoculated and incubated on a rotary shaker. When the substances containing dissolved sulphur were added to the culture media, cloudy colloidal suspensions of sulphur were produced, but the medium became clear after the cultures had been incubated for a few days, which indicated that the suspensions were unstable. Though the rate of sulphur oxidation was increased somewhat, it is unlikely that the glycols increased the amount of sulphur in solution. We ascribe such favourable effects as were noted to increases in the amounts of finely divided sulphur in the media.
DISCUSSION
Elemental sulphur was oxidized more rapidly in shaken than in stationary media. This agrees with results of Newburgh (1954) but disagrees with those of Umbreit (1951).
In practically no case did wetting agents increase oxidation of sulphur in static cultures, but they decreased it in some cases because of an effect other than toxicity. This is contrary to the observation (Vogler & Umbreit, 1941) that sulphur which had settled out in media containing 0.001 yo aerosol was often oxidized more rapidly than sulphur on the surface. The smaller oxidation rates in static cultures where toxicity of the wetting agent was not involved was associated with settling of the sulphur to the bottom of the flask. The inhibitory effect can be attributed to deficiency of oxygen or carbon dioxide or both where the sulphur is submerged in the medium. The rate of oxidation in shaken cultures containing the wetting agents 'Tergitol08' and 'Tween 80' not only exceeded that in static cultures containing no wetting agent, but even that in the untreated shaken medium. Since the surface of a sulphur particle that is wetted by the medium is that from which the bacterium derives sulphur, increase in the amount of wetted surface by wetting agents should and did result in more rapid sulphur oxidation.
There would be less opportunity for continued contact between cells of Thiobacillus thiooxiduns and solid particles of sulphur in shaken than in static media. Nevertheless, the fact that oxidation was more rapid in shaken media does not exclude the possibility that sulphur oxidation depends on this contact. Through contaut, a transportable sulphur substance might be produced enzymically on the cell surface, and the activity of the enzyme could be restored by the active cell. This implies a different means of sulphur uptake from that suggested by Umbreit, Vogel & Vogler (1942) , who contended that there was contact between the sulphur and fat contained in the bacterial cells. Knaysi (1943) opposed this theory on cytological grounds. The process seems improbable also because there is little likelihood of actual contact between the fat and sulphur; water films on the sulphur and cell wall would separate the two, and the cell wall itself, indicated by Knaysi (1943) and Umbreit & Anderson (1942)' would be an additional barrier.
